
11.19.2 Crushed Stone Processing

11.19.2.1 Process Description1-2

Major rock types processed by the rock and crushed stone industry include limestone, granite,
dolomite, traprock, sandstone, quartz, and quartzite. Minor types include calcareous marl, marble,
shell, and slate. Industry classifications vary considerably and, in many cases, do not reflect actual
geological definitions.

Rock and crushed stone products generally are loosened by drilling and blasting, then are
loaded by power shovel or front-end loader into large haul trucks that transport the material to the
processing operations. Techniques used for extraction vary with the nature and location of the deposit.
Processing operations may include crushing, screening, size classification, material handling, and
storage operations. Al l of these processes can be significant sources of PM and PM-10 emissions if
uncontrolled.

Quarried stone normally is delivered to the processing plant by truck and is dumped into a
hoppered feeder, usually a vibrating grizzly type, or onto screens, as illustrated in Figure 11.19.2-1.
The feeder or screens separate large boulders from finer rocks that do not require primary crushing,
thus reducing the load to the primary crusher. Jaw, impactor, or gyratory crushers are usually used for
initial reduction. The crusher product, normally 7.5 to 30 centimeters (3 to 12 inches) in diameter,
and the grizzly throughs (undersize material) are discharged onto a belt conveyor and usually are
conveyed to a surge pile for temporary storage, or are sold as coarse aggregates.

The stone from the surge pile is conveyed to a vibrating inclined screen called the scalping
screen. This unit separates oversized rock from the smaller stone. The undersize material from the
scalping screen is considered to be aproduct stream and is transported to a storage pile and sold as
base material. The stone that is too large to pass through the top deck of the scalping screen is
processed in the secondary crusher. Cone crushers are commonly used for secondary crushing
(although impact crushers are sometimes used), which typically reduces material to about 2.5 to
10 centimeters (1 to 4 inches). The material (throughs) from the second level of the screen bypasses
the secondary crusher because it is sufficiently small for the last crushing step. The output from the
secondary crusher and the throughs from the secondary screen are transported by conveyor to the
tertiary circuit, which includes asizing screen and a tertiary crusher.

Tertiary crushing is usually performed using cone crushers or other types of impactor crushers.
Oversize material from the top deck of the sizing screen is fed to the tertiary crusher. The tertiary
crusher output, which is typically about 0.50 to 2.5 centimeters (3/16th to 1 inch), is returned to the
sizing screen. Various product streams with different size gradations are separated in the screening
operation. The products are conveyed or trucked directly to finished product bins, open area
stockpiles, or to other processing systems such as washing, air separators, and screens and classifiers
(for the production of manufactured sand).

Some stone crushing plants produce manufactured sand. This is asmall-sized rock product
with a maximum size of 0.50 centimeters (3/16th inch). Crushed stone from the tertiary sizing screen
is sized in a vibrating inclined screen (fines screen) with relatively small mesh sizes. Oversized
material is processed in a cone crusher or a hammermill (fines crusher) adjusted to produce small
diameter material. The output is then returned to the fines screen for resizing.
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Figure 11.19.2-1. Typical stone processing plant.2

(SCC = Source Classification Code.)
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In certain cases, stone washing is required to meet particular end product specifications or
demands as with concrete aggregate processing. Crushed and broken stone normally is not milled but
is screened and shipped to the consumer after secondary or tertiary crushing.

11.19.2.2 Emissions And Controls1-8

Emissions of PM and PM-10 occur from a number of operations in stone quarrying and
processing. A substantial portion of these emissions consists of heavy particles that may settle out
within the plant. As in other operations, crushed stone emission sources may be categorized as either
process sources or fugitive dust sources. Process sources include those for which emissions are
amenable to capture and subsequent control. Fugitive dust sources generally involve the reentrainment
of settled dust by wind or machine movement. Emissions from process sources should be considered
fugitive unless the sources are vented to a baghouse or are contained in an enclosure with a forced-air
vent or stack. Factors affecting emissions from either source category include the stone size
distribution and surface moisture content of the stone processed; the process throughput rate; the type
of equipment and operating practices used; and topographical and climatic factors.

Of geographic and seasonal factors, the primary variables affecting uncontrolled PM emissions
are wind and material moisture content. Wind parameters vary with geographical location, season, and
weather. It can be expected that the level of emissions from unenclosed sources (principally fugitive
dust sources) will be greater during periods of high winds. The material moisture content also varies
with geographic location, season, and weather. Therefore, the levels of uncontrolled emissions from
both process emission sources and fugitive dust sources generally will be greater in arid regions of the
country than in temperate ones, and greater during the summer months because of a higher evaporation
rate.

The moisture content of the material processed can have a substantial effect on emissions.
This effect is evident throughout the processing operations. Surface wetness causes fine particles to
agglomerate on, or to adhere to, the faces of larger stones, with a resulting dust suppression effect.
However, as new fine particles are created by crushing and attrition, and as the moisture content is
reduced by evaporation, this suppressive effect diminishes and may disappear. Plants that use wet
suppression systems (spray nozzles) to maintain relatively high material moisture contents can
effectively control PM emissions throughout the process. Depending on the geographic and climatic
conditions, the moisture content of mined rock may range from nearly zero to several percent.
Because moisture content is usually expressed on a basis of overall weight percent, the actual moisture
amount per unit area will vary with the size of the rock being handled. On a constant mass-fraction
basis, the per-unit area moisture content varies inversely with the diameter of the rock. Therefore, the
suppressive effect of the moisture depends on both the absolute mass water content and the size of the
rock product. Typically, wet material contains 1.5 to 4 percent water or more.

A variety of material, equipment, and operating factors can influence emissions from crushing.
These factors include (1) stone type, (2) feed size and distribution, (3) moisture content, (4) throughput
rate, (5) crusher type, (6) size reduction ratio, and (7) fines content. Insufficient data are available to
present a matrix of rock crushing emission factors detailing the above classifications and variables.
Available data indicate that PM-10 emissions from limestone and granite processing operations are
similar. Therefore, the emission factors developed from the emission data gathered at limestone and
granite processing facilities are considered to be representative of typical crushed stone processing
operations. Emission factors for filterable PM and PM-10 emissions from crushed stone processing
operations are presented in Tables 11.19-1 (metric units) and 11.19-2 (English units).
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Table 11.19.2-1 (Metric Units). EMISSION FACTORS FOR CRUSHED STONE PROCESSING
OPERATIONSa

Sourceb

Total
Particulate

Matter

EMISSION
FACTOR
RATING

Total
PM-10c

EMISSION
FACTOR
RATING

Screening
(SCC 3-05-020-02,-03)

—d 0.0076e C

Screening (controlled)
(SCC 3-05-020-02-03)

—d 0.00042e C

Primary crushing
(SCC 3-05-020-01)

0.00035f E NDg

Secondary crushing
(SCC 3-05-020-02)

ND NDg

Tertiary crushing
(SCC 3-05-020-03)

—d 0.0012h C

Primary crushing (controlled)
(SCC 3-05-020-01)

ND NDg

Secondary crushing (controlled)
(SCC 3-05-020-02)

ND NDg

Tertiary crushing (controlled)
(SCC 3-05-020-03)

—d 0.00029h C

Fines crushingj
(SCC 3-05-020-05)

—d 0.0075 E

Fines crushing (controlled)j

(SCC 3-05-020-05)
—d 0.0010 E

Fines screeningj
(SCC 3-05-020-21)

—d 0.036 E

Fines screening (controlled)j

(SCC 3-05-020-21)
—d 0.0011 E

Conveyor transfer pointk

(SCC 3-05-020-06)
—d 0.00072 D

Conveyor transfer point (controlled)k (SCC 3-05-020-06) —d 2.4x10-5 D
Wet drilling: unfragmented stonem

(SCC 3-05-020-10)
ND 4.0x10-5 E

Truck unloading: fragmented stonem

(SCC 3-05-020-31)
ND 8.0x10-6 E

Truck loading--conveyor: crushed stonen

(SCC 3-05-020-32)
ND 5.0x10-5 E

a Emission factors represent uncontrolled emissions unless noted. Emission factors in kg/Mg of
material throughput. SCC = Source Classification Code. ND = no data.

b Controlled sources (with wet suppression) are those that are part of the processing plant that employs
current wet suppression technology similar to the study group. The moisture content of the study
group without wet suppression systems operating (uncontrolled) ranged from 0.21 to 1.3 percent and
the same facilities operating wet suppression sytems (controlled) ranged from 0.55 to 2.88 percent.
Due to carry over or the small amount of moisture required, it has been shown that each source,
with the exception of crushers, does not need to employ direct water sprays. Although the moisture
content was the only variable measured, other process features may have as much influence on
emissions from a given source. Visual observations from each source under normal operating
conditions are probably the best indicator of which emission factor is most appropriate. Plants that
employ sub-standard control measures as indicated by visual observations should use the
uncontrolled factor with an appropriate control efficiency that best reflects the effectiveness of the
controls employed.

c Although total suspended particulate (TSP) is not a measurable property from a process, some states
may require estimates of TSP emissions. No data are available to make these estimates. However,
relative ratios in AP-42 Sections 13.2.2 and 13.2.4 indicate that TSP emission factors may be
estimated by multiplying PM-10 by 2.1.
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Table 11.19.2-1 (cont.).

d Emission factors for total particulate are not presented pending a re-evaluation of the EPA
Method 201a test data and/or results of emission testing. This re-evaluation is expected to be
completed by July 1995.

e References 9, 11, 15-16.
f Reference 1.
g No data available, but emission factors for PM-10 emission factors for tertiary crushing can be used

as an upper limit for primary or secondary crushing.
h References 10-11, 15-16.
j Reference 12.
k References 13-14.
mReference 3.
n Reference 4.
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Table 11.19.2-2 (English Units). EMISSION FACTORS FOR CRUSHED STONE PROCESSING
OPERATIONSa

Sourceb

Total
Particulate

Matter

EMISSION
FACTOR
RATING Total PM-10c

EMISSION
FACTOR
RATING

Screening
(SCC 3-05-020-02,-03)

—d 0.015e C

Screening (controlled)
(SCC 3-05-020-02-03)

—d 0.00084e C

Primary crushing
(SCC 3-05-020-01)

0.00070f E NDg

Secondary crushing
(SCC 3-05-020-02)

ND NDg

Tertiary crushing
(SCC 3-05-020-03)

—d 0.0024h C

Primary crushing (controlled)
(SCC 3-05-020-01)

ND NDg NA

Secondary crushing (controlled)
(SCC 3-05-020-02)

ND NDg NA

Tertiary crushing (controlled)
(SCC 3-05-020-03)

—d 0.00059h C

Fines crushingj
(SCC 3-05-020-05)

—d 0.015 E

Fines crushing (controlled)j

(SCC 3-05-020-05)
—d 0.0020 E

Fines screeningj
(SCC 3-05-020-21)

—d 0.071 E

Fines screening (controlled)j

(SCC 3-05-020-21)
—d 0.0021 E

Conveyor transfer pointk

(SCC 3-05-020-06)
—d 0.0014 D

Conveyor transfer point (controlled)k

(SCC 3-05-020-06)
—d 4.8x10-5 D

Wet drilling: unfragmented stonem

(SCC 3-05-020-10)
ND 8.0x10-5 E

Truck unloading: fragmented stonem

(SCC 3-05-020-31)
ND 1.6x10-5 E

Truck loading--conveyor: crushed stonen

(SCC 3-05-020-32)
ND 0.00010 E

a Emission factors represent uncontrolled emissions unless noted. Emission factors in lb/ton of
material throughput. SCC = Source Classification Code. ND = no data.

b Controlled sources (with wet suppression) are those that are part of the processing plant that employs
current wet suppression technology similar to the study group. The moisture content of the study
group without wet suppression systems operating (uncontrolled) ranged from 0.21 to 1.3 percent and
the same facilities operating wet suppression systems (controlled) ranged from 0.55 to 2.88 percent.
Due to carry over or the small amount of moisture required, it has been shown that each source,
with the exception of crushers, does not need to employ direct water sprays. Although the moisture
content was the only variable measured, other process features may have as much influence on
emissions from a given source. Visual observations from each source under normal operating
conditions are probably the best indicator of which emission factor is most appropriate. Plants that
employ sub-standard control measures as indicated by visual observations should use the
uncontrolled factor with an appropriate control efficiency that best reflects the effectiveness of the
controls employed.

c Although total suspended particulate (TSP) is not a measurable property from a process, some states
may require estimates of TSP emissions. No data are available to make these estimates. However,
relative ratios in AP-42 Sections 13.2.2 and 13.2.4 indicate that TSP emission factors may be
estimated by multiplying PM-10 by 2.1.
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Table 11.19.2-2 (cont.).

d Emission factors for total particulate are not presented pending a re-evaluation of the EPA
Method 201a test data and/or results of emission testing. This re-evaluation is expected to be
completed by July 1995.

e References 9, 11, 15-16.
f Reference 1.
g No data available, but emission factors for PM-10 emission factors for tertiary crushing can be used

as an upper limit for primary or secondary crushing.
h References 10-11, 15-16.
j Reference 12.
k References 13-14.
mReference 3.
n Reference 4.

Emission factor estimates for stone quarry blasting operations are not presented here because
of the sparsity and unreliability of available test data. While a procedure for estimating blasting
emissions is presented in Section 11.9, Western Surface Coal Mining, that procedure should not be
applied to stone quarries because of dissimilarities in blasting techniques, material blasted, and size of
blast areas. Milling of fines is not included in this section as this operation is normally associated
with nonconstruction aggregate end uses and will be covered elsewhere when information is adequate.
Emission factors for fugitive dust sources, including paved and unpaved roads, materials handling and
transfer, and wind erosion of storage piles, can be determined using the predictive emission factor
equations presented in AP-42 Section 13.2.

References For Section 11.19.2

1. Air Pollution Control Techniques for Nonmetallic Minerals Industry, EPA-450/3-82-014, U. S.
Environmental Protection Agency, Research Triangle Park, NC, August 1982.

2. Written communication from J. Richards, Air Control Techniques, P.C., to B. Shrager, MRI.
March 18, 1994.

3. P. K. Chalekodeet al., Emissions from the Crushed Granite Industry: State of the Art,
EPA-600/2-78-021, U. S. Environmental Protection Agency, Washington, DC, February 1978.

4. T. R. Blackwoodet al., Source Assessment: Crushed Stone, EPA-600/2-78-004L, U. S.
Environmental Protection Agency, Washington, DC, May 1978.

5. F. Record and W. T. Harnett,Particulate Emission Factors for the Construction Aggregate
Industry, Draft Report, GCA-TR-CH-83-02, EPA Contract No. 68-02-3510, GCA Corporation,
Chapel Hill, NC, February 1983.

6. Review Emission Data Base and Develop Emission Factors for the Construction Aggregate
Industry, Engineering-Science, Inc., Arcadia, CA, September 1984.

7. C. Cowherd, Jr.et al., Development of Emission Factors for Fugitive Dust Sources,
EPA-450/3-74-037, U. S. Environmental Protection Agency, Research Triangle Park, NC, June
1974.

1/95 Mineral Products Industry 11.19.2-7



8. R. Bohnet al., Fugitive Emissions from Integrated Iron and Steel Plants, EPA-600/2-78-050,
U. S. Environmental Protection Agency, Washington, DC, March 1978.

9. J. Richards, T. Brozell, and W. Kirk,PM-10 Emission Factors for a Stone Crushing Plant
Deister Vibrating Screen, EPA Contract No. 68-D1-0055, Task 2.84, U. S. Environmental
Protection Agency, Research Triangle Park, NC, February 1992.

10. J. Richards, T. Brozell, and W. Kirk,PM-10 Emission Factors for a Stone Crushing Plant
Tertiary Crusher, EPA Contract No. 68-D1-0055, Task 2.84, U. S. Environmental Protection
Agency, Research Triangle Park, NC, February 1992.

11. W. Kirk, T. Brozell, and J. Richards,PM-10 Emission Factors for a Stone Crushing Plant
Deister Vibrating Screen and Crusher, National Stone Association, Washington DC,
December 1992.

12. T. Brozell, J. Richards, and W. Kirk,PM-10 Emission Factors for a Stone Crushing Plant
Tertiary Crusher and Vibrating Screen, EPA Contract No. 68-D0-0122, U. S. Environmental
Protection Agency, Research Triangle Park, NC, December 1992.

13. T. Brozell,PM-10 Emission Factors for Two Transfer Points at a Granite Stone Crushing
Plant, EPA Contract No. 68-D0-0122, U. S. Environmental Protection Agency, Research
Triangle Park, NC, January 1994.

14. T. Brozell,PM-10 Emission Factors for a Stone Crushing Plant Transfer Point, EPA Contract
No. 68-D0-0122, U. S. Environmental Protection Agency, Research Triangle Park, NC,
February 1993.

15. T. Brozell and J. Richards,PM-10 Emission Factors for a Limestone Crushing Plant Vibrating
Screen and Crusher for Bristol, Tennessee, EPA Contract No. 68-D2-0163, U. S.
Environmental Protection Agency, Research Triangle Park, NC, July 1993.

16. T. Brozell and J. Richards,PM-10 Emission Factors for a Limestone Crushing Plant Vibrating
Screen and Crusher for Marysville, Tennessee, EPA Contract No. 68-D2-0163, U. S.
Environmental Protection Agency, Research Triangle Park, NC, July 1993.

11.19.2-8 EMISSION FACTORS 1/95


	11.19.2.1 Process Description
	11.19.2.2 Emissions and Controls
	Figure 11.19.2-1
	Table 11.19.2-1
	Table 11.19.2-2
	References



